Abstract With the superiority of digital imaging, conventional preoperative acetate templating is gradually being replaced by digital templating in total hip arthroplasty (THA). The purpose of this study was to assess the utility of digital templating for patients with Crowe type II and III dysplastic hips. In this study, 41 THA patients with Crowe type II or III dysplastic hips and 48 THA patients with other primary diseases were retrospectively reviewed. All patients were fitted with cementless prostheses in 2008. For the THA patients with dysplastic hips, we attempted to restore their hip centres to the position of the true acetabulum. Digital templating was the method chosen to achieve hip centre restoration. The prosthesis prediction accuracy (within ± one size using digital templating) was 20 (48.8%) for the cup size and 30 (73.2%) for the stem size. Meanwhile, for patients with other primary diseases, the accuracy for the cup size within ± one size was 34 (70.8%) and for the stem size accuracy was within ± one size in 38 (79.2%). Between the two patient groups, there was a significant difference in the predicted cup size. In patients with dysplastic hips, the low accuracy of the predicted cup size may have resulted from difficulty in predicting the vertical location of the hip centre. Despite this limitation, preoperative planning using digital templating is a convenient technique for THA patients with Crowe type II and III dysplastic hips.
Introduction
Preoperative template planning is an important step in achieving a successful outcome in THA. The traditional technique of preoperative planning is performed using acetate templating superimposed on printed radiographic films. With the development of digital images, this conventional technique is gradually becoming impractical because film-based radiographs may no longer exist. Some studies have reviewed the utility of a digital templating technique [3, 5, 9, 10, 12, 14, 19] , but most of them focussed on comparison of the accuracy between acetate templating and digital templating [3, 9, 10, 12, 14, 19] . In most of these studies, the primary diagnosis of THA was osteoarthritis or was not specified (Table 1) . However, it is uncertain whether digital templating is suitable for THA resulting from other primary diseases of severe deformity, such as hip dysplasia. To the best of our knowledge, few reports have studied the accuracy of digital templating in THA with regard to dysplastic hips.
The dysplastic hip has disturbed proximal femoral anatomy and a distorted acetabular shape [1] that makes THA technically demanding. In particular, a sloped acetabulum in Crowe type II or III [4] not only has severe bone loss, but also presents a challenge for positioning the implant cup at the proper location. Such difficulties predispose to failure of implanted components after operation. Therefore, compre-hensive preoperative planning is essential for these patients to avoid a high incidence of complications. Since standardised printed films are currently being replaced by digital images, we have attempted to assess the accuracy and reliability of digital templating in THA for Crowe type II and III dysplastic hips. The purpose of the study was to evaluate the utility of the preoperative digital templating method for complex THA surgery on Crowe type II and III dysplastic hips.
Materials and methods
THA procedures in our study were performed by one arthroplasty surgeon at our institution in 2008. All of the implants were cementless prostheses with a Secur-Fit HA stem and either an Osteonics Crossfire or an Osteonics ceramic acetabular cup (Stryker, Mahwah, NJ, USA). All preoperative and postoperative radiographs were obtained with a standardised 100-cm distance from the tube to the X-ray plate. Standardised radiographs included an anteroposterior (AP) view of the pelvis and an AP view and lateral view of the affected hip. The AP view of the pelvis contained the proximal third of both femurs. Cedara I-Reach™ software (Merge Healthcare, Milwaukee, WI, USA) was used for the digital Picture Archiving and Communication System (PACS), which included digital templating software.
Our study consisted of two parts. First, we determined the magnification of the digital images. Second, we determined the accuracy and reliability of digital templating for THA on patients with dysplastic hips.
Study part one
In the first part of the study, in order to determine the magnification of the digital images, we initially included a group of 25 cases of THA in a retrospective analysis, with 13 females and 12 males between 55 and 71 years of age. The actual sizes of the acetabulum cups were known from the operative records. The magnification was calculated as the ratio of the cup size measured on postoperative digital image relative to the actual cup size. The average magnification obtained from part one was applied to the patients in the second part of the study, while patients in part one were excluded.
Study part two
In the second part, to assess the method of digital templating, 41 cases of primary THA with dysplastic hips were retrospectively reviewed. The a Two methods of digital templating were used in the study, which were compared with acetate templating.
b Only digital templating was used in the study, which wasn't compared with acetate templating. c The hybrid hip replacements were performed in the study. Uncemented cups and cemented stems were used.
d Two surgeons conducted preoperative templating independently in the study and their results were listed.
necrosis and 21 cases of primary osteoarthritis. Patients in part one were excluded from this part.
Digital templating
Before digital templating, the magnification of the digital images was adjusted to the value determined in part one. A combination of digital images and a digital template with identical magnification was available. The next step was to assign the teardrop on the AP view of the pelvis in digital images. The inter-teardrop line was drawn through the base of both teardrops as a reference. The vertical location of the hip centre was measured as the distance between the interteardrop line and the hip centre. The horizontal location was measured as the distance between the hip centre and a line through the teardrop, which was perpendicular to the inter-teardrop line ( Fig. 1) . Next, the digital template of the prosthesis was superimposed on the AP pelvic view in the digital images. The desired location of the hip prosthesis centre was matched to the contralateral hip, if normal ( Fig. 1 ). When the contralateral hip was also dysplastic, the teardrop was selected as a landmark to position the cup. The inferior portion of the cup was positioned at the level of the teardrop, and its surface was beyond Kohler's line with an abduction angle of 40-45°. The selected cup size was that which best fit the acetabulum while requiring a minimal amount of bone to be reamed (Fig. 2) . If the cup did not acquire adequate coverage in the superolateral roof, bone grafts were planned for cup coverage ( Figs. 1 and 2 ). In comparison to the prediction of the cup size, the preoperative template planning of the femoral stem was relatively simple. The femoral stem that matched both the intramedullary canal and the proximal femoral metaphysis was selected, assuming that the femoral neck cut would be less than 1 cm proximal to the lesser trochanter (Fig. 3) .
Surgical procedure
The operations were performed via a posterolateral approach to the hip. For a sloped acetabulum in type II or III dysplasia, special attention had to be paid to the acetabular reconstruction to avoid incorrect placement of the acetabular component in a lateralised position. This error was avoided by initial medialisation by first using smaller reamers at the position of the true acetabulum, followed by progressively larger reamers to enlarge the periphery of the acetabular bed. The true acetabulum was identified, as its inferior portion was the inferior portion of the sloped acetabulum after the marginal osteophyte was cleaned. If there was still a superolateral bone defect after reaming the acetabulum deep and wide, superolateral screws were used for further cup fixation. Then, the bone defect between the cup and the acetabular roof was filled with impacted morsellised bone grafts from the autogenously resected femoral head. After acetabular construction, the femoral neck was osteotomised less than 1 cm proximal to the lesser trochanter. The size of the femoral stem was deemed appropriate when the surgeon felt a sensation of tightness between the last reamer and the medullary canal.
Statistical analysis
All of the measurements were taken by an investigator independent from the operating staff. The following data were collected during the study: (1) the planned component size, (2) the actual component size, (3) the predicted location of the hip centre, (4) the location of the postoperative hip centre, and (5) the preoperative and six-months postoperative clinical function by Harris hip score. Agreement of the planned components was defined in our study as being within one size. Coincidence rates were calculated based on the predicted and the actual sizes of the implants. The chi-square test was performed to determine To assess the intraobserver reliability of the predicted implant's size, preoperative radiographs for each patient were templated by one investigator, who repeated templating three weeks later. To assess interobserver reliability, templating of preoperative radiographs was repeated by another investigator independently. Intraobserver and interobserver effects were calculated using an intraclass correlation coefficient (ICC). All statistical analyses were performed using SPSS version 10. For all statistical tests, we considered p <0.05 to be significant. ICC was interpreted as follows: from 0 to 0.2 indicated poor agreement, from 0.3 to 0.4 indicated fair agreement, from 0.5 to 0.6 indicated moderate agreement, from 0.7 to 0.8 indicated strong agreement, and greater than 0.8 indicated almost perfect agreement.
Results

Magnification of the digital images
From the first part of the study, the mean value and standard deviation of the magnifications was 123±4%. Fig. 2 When both hips were dysplastic, the teardrop was selected as a landmark to position the cup. The surface of the cup protruded beyond the Kohler line according to the medialisation of the cup. The inferior portion of the cup was positioned at the level of the teardrop Fig. 3 In the digital templating of the femoral stem, it was assumed that the femoral neck cut was less than 1 cm proximal to the lesser trochanter. The selected femoral stem was the one that matched both the intramedullary canal and the proximal femoral metaphysis
Predictability of the prosthesis size
The results of the prosthesis size predictability are shown in Table 2 . The predictability of the cup size in patients with dysplastic hips was significantly lower than that of the control group. There was no significant difference in the predictability of the stem size between the two groups. The size difference between templated and implanted prosthesis components is shown in Fig. 4 . Notably, the curve of the differences in cup size was more decentralised in the group with dysplastic hips.
Predictability of the hip centre
The results of the predicted and postoperative location of the hip centre are shown in Table 3 . In the control group, there was no significant difference in the predicted and postoperative location of the hip centre, which showed an excellent level of predictability for the hip centre. In the group with dysplastic hips, there was no significant difference in the horizontal location, but the vertical location of the postoperative hip centre was significantly different from the predicted value.
Reliability of the predicted implant's size
The results are shown in Table 4 . The intraobserver reliability for the cup size and the stem size in the dysplastic hip group using ICC are 0.76 and 0.83, respectively. The ICCs for the cup and stem sizes in the group with other diseases are 0.93 and 0.92, respectively. The repeated measurements were also analysed to assess interobserver reproducibility. In the dysplastic hip group, the ICC was 0.80 for the acetabulum and 0.90 for the stem. In the group with other diseases, the ICC was 0.90 for the acetabulum and 0.94 for the femoral stem.
Clinical function
In the dysplastic hip group, the mean Harris hip score improved from 45 points preoperative to 89 points Fig. 4 Histograms and corresponding curves showed the size differences between the templated and implanted prosthesis components: the difference of the stem size in the group with dysplastic hips (a), the difference of the stem size in the control group (b), the difference of the cup size in the group with dysplastic hips (c), and the difference of the cup size in the control group (d) postoperative six months after operation. Meanwhile, for the patients with other primary diseases, the mean Harris hip score improved from preoperative 57 points to 93 points six months after operation.
Discussion
The results show that the templating technique had good reliability, with all ICC values greater than 0.7. There was low accuracy of predicted cup size in patients with dysplastic hips, compared to patients with other primary diseases. All patients had satisfactory clinical results six months after operation in the two groups. In part one of our study, the mean value and standard deviation of the magnifications was measured as 123±4%. We therefore assumed an average magnification value of 123% for part two of the study. Using the magnification of 120±6% reported in the literature, Unnanuntana et al. found that when acetate templating was used, predictability of the cup size was much poorer than that for the femoral component. According to the authors, one of the factors explaining this reduced accuracy was that 62.4% of the patients in the series had dysplastic hips [20] . To date, there have been few reports in the literature on the accuracy and reliability of digital templating in THA patients with dysplastic hips. THA is technically demanding in patients with dysplastic hips, especially the acetabular reconstruction; however, combining medialisation or proximalisation of the acetabular cup with various techniques for superolateral bone grafting can be helpful during total hip replacement for patients with dysplastic hips [6, 7, 17] . Bicanic et al. reported that hip load decreased when the cup was placed more medially or distally in THA in patients with dysplastic hips [2] . In our study, we employed the method of medialisation of the hip centre by deeply reaming the medial wall at the level of the true acetabulum. The true acetabulum was identified by the location of its inferior portion after the marginal osteophyte was cleared. The postoperative radiographs showed that the mean location of the hip centre was 26.7 ± 2.77 mm horizontally and 18.7±4.06 mm vertically, which are more accurate than those reported for other studies [8, 11] . Proper positioning of the hip centre prevents the acetabular component from loosening. Concerning loosening of the femoral stem, most reports have documented good survival rates in patients with dysplastic hips [13, 16] . Because dysplastic hips have various degrees of hip dislocation, we osteotomised the femoral neck less than 1 cm proximal to the lesser trochanter in order to minimise the tension on the reconstructed hip. With this surgical technique, there were good clinical results for patients with dysplastic hips at an average of 5.2 years, following-up another report [21] .
In this study, most of the details of digital templating were similar to the method described in the literature [9, 10] . The difference depended on the principles of the reconstructed hip, as mentioned above. The medialisation of the hip centre caused the cup to protrude beyond the Kohler line, as seen in postoperative radiographs. Therefore, the planning cup was positioned medially beyond the Kohler line in digital templating. In the literature, the Kohler line was always defined as the medial border of the cup in digital templating [9, 10] . In digital templating of the femoral stem, it was assumed that the femoral neck cut was less than 1 cm proximal to the lesser trochanter, which was about 1 cm proximal to the lesser trochanter in the literature [9] .
Our results show that the predictability of THA in patients with dysplastic hips was 48.8% for cup size and 73.2% for stem size. The curve of the differences in cup size was more decentralised in the group with dysplastic hips in Fig. 4 . Although the anatomical deformity of the acetabulum and proximal femur both affected the preoper- ative templating of the dysplastic hips, only the predictability of the cup size was significantly lower than that of the control group. Selections of the component's size were mostly dependent on its location. In our preoperative templating, the teardrop was assigned as a reference to locate the planning cup and the true acetabulum. Using this method, the predictability of the planning cup was 80-81% in previous studies [9, 10] . In our surgical procedure, the inferior portion of the true acetabulum was identified as the location of the inferior portion of the sloped acetabulum after the marginal osteophyte was cleared. However, it was difficult to identify the true acetabulum during both preoperative templating and surgery because of the sloped shape of the deformed acetabulum. Despite attempting to place all components in the true acetabulum, the acetabula analysed by Stans et al. [18] were placed outside the true acetabular region in 25.7% of Crowe type III dysplastic hips compared with 12% in Crowe type II [15] . On the other hand, the deformity of the proximal femur always appeared excessively narrow. This presentation had little effect on our judgement of the proper place at which to position the stem. Hence, the predictability of the cup size was more affected than that of the stem size in the preoperative templating of dysplastic hips. In addition, the low accuracy of the prediction for cup size meant that the predicted hip centre was also low in the group of dysplastic hips. However, the results showed that the predicted and postoperative hip centres were significantly different only in the vertical direction. The predicted hip centre was higher than the postoperative hip centre in the vertical direction (Table 3 ). This finding suggests that reconstruction of the cup was accomplished strictly via medialisation both in preoperative planning and during the operation. The discrepancy between the predicted cup and the actual cup may have resulted from an inaccurate prediction of the hip centre's vertical location.
In conclusion, the predictability of the cup size was much lower than that of the femoral component for patients with dysplastic hips. The accuracy of the predicted cup size has only 48.8% accuracy within ± one size using digital templating. This low accuracy may have resulted from difficulty in predicting the vertical location of the hip centre. However, PACS combined with digital templating offers economic benefits to hospitals and patients by decreasing the cost of image production and film storage. Use of the digital templating software enclosed with PACS is simple and straightforward for surgeons. Therefore, digital templating is a low cost and convenient technique for patients with dysplastic hips undergoing THA.
